Objective: In the present study, the 3D finite element method was used to investigate the effect of crown material on stress distribution in the bone surrounding immediately loaded single dental.
INTRODUCTION
Dental implants have become a significant aspect of prosthodontic treatment. Despite of high success rates; complications and failures still occur. One factor that is increasingly being implicated with dental implant failure is occlusal overloading as the support of teeth and implants is inherently different. The natural teeth are visco-elastically supported in the bone by the periodontal ligament which acts as a shock absorber between a root and surrounding bone. In contrast to natural teeth; there is no periodontal ligament between dental implants and their surrounding bone. The occlusal loads are transmitted directly to surrounding bone which could cause micro fracture in the interface between bone and implant, fracture of implant.
1, 2
One of the factors that affect load transfer at the bone implant interface, influences stress distribution in dental implants and consequently affects morphology of the surrounding bone is the type of prosthetic material. In this regard, however, the results of various in vitro and in vivo studies appear to be somewhat controversial. Skalak proposed that the use of acrylic resin for construction of the prostheses would contribute to dissipate a significant portion of the impact forces during mastication, due to the low stiffness of this material. 3 However, the results of an in vivo study by Bassit et al. showed that the resilience of an acrylic resin veneer is insufficient to cause significant change in the force transmission through the prosthesis as compared to a ceramic veneer. 4 
Also
Eskitascıoglu et al investigated the influence of porcelain-and acrylic based material on stress distribution when dynamic forces were applied in vertical and lateral directions on metal-supported crowns over implants. Porcelains were found to absorb and distribute the stress in itself and 173 consequently cause less transfer of stress to implant and surrounding tissue compared to acrylic-based materials. 5 Ismail et al; analyzed the effect of the occlusal materials (porcelain, precious, and non-precious alloy, acrylic or composite resin) on the stress in bone and implant, and they reported similar results for all the investigated materials.
6
The classic two-stage protocol of implant placement is associated with longer treatment time, multiple patient visits, and higher treatment expenses. On the other hand the elimination of the healing period offers advantages in terms of cost of treatment and convenience to patients. Thus, immediate loading protocol of dental implants has attracted ever-growing attention in the literature as well as in clinical practice. The main advantage of immediate implant loading is the significantly reduced time interval between implant surgery and prosthetic rehabilitation. The patients do not undergo the emotional and functional stress of being edentulous when they are treated under immediate implant loading protocol.
7-8
Finite element method (FEM) is expected to be one of the most convincing of computational technique that can be used to evaluate the stress on the implant and its surrounding bone under real situations in the field of biomedical engineering. This technique is based on the premise that an approximate solution to any complex engineering problem can be reached by subdividing the structure/component into smaller more manageable (finite) elements.
9 Therefore three dimensional (3D) finite element analysis (FEA) was selected for use in this study to investigate the effects of prosthesis material type on stress distribution in the bone surrounding immediately loaded single implants.
MATERIALS AND METHODS
In the present study, a three dimensional (3D) finite element model was designed for the mandibular first premolar as shown in Figure1. A section of mandible bone model was constructed based on computed tomography (CT) scanned images of a human mandible in the premolar region, the model represented a15mm segment in mesio-distal direction consisting of a spongy center surrounded by an approximately 1.8mm cortical bone in bucco-lingual direction. A commercially available implant system; Semados implant system, (Ø 4.0 mm x13 mm; Bego, Bremen, Germany) implant featuring a conical internal hexagonal abutment (Ø4.0 mm x 6 mm) with a connection depth of 2.5 mm and a screw (1.8mm x7mm) were used .
10
The prosthetic crown was developed from natural premolar by using laser camera to teeth then imported to CAD software to convert it to solid form. The thickness of the luting cement was considered to be 50μm. The implant was drawn, assembled, and positioned into the bone section by using Solidworks 2010 software. For FEA calculations, ABAQUS CAE 6.10 commercial finite element package was used. The entire model was meshed using free meshing technique in which the C3D4 elements tetrahedral elements (4-node-tetrahedron) were used. The total number of nodes was 80024 and total number of elements was 393301. The number of elements and nodes in each part of the model are shown in (Table 1) .
Material Properties
In this study, all materials used were assumed as homogeneous, isotropic and linearly elastic.
11-

12
The implant was pure titanium while screw and abutment were titanium alloys. Seven different materials were used to simulate the crown as shown in Table 2 . Material properties for bone and implant system were taken from the literature.
13-19
Loading Conditions A static vertical load (200 N) was applied over cusps of the crown. Loads were separately applied to the functional cusps of the crown in which each functional cusp was divided into 8 areas and each load was exerted on these areas. In other words, the loads were applied to eight points for each functional cusp.
20-21
Interface Condition To simulate the interface of an immediately loaded implant, a frictional coefficient (F.C) of 0.3 was applied at the bone-implant interface and at implant-abutment interface.
22-23 Table 3 lists the contact pairs and their respective contact behavior.
Boundary Conditions
Two sides of cortical and cancellous bone surfaces were constrained at the nodes in buccolingual direction and mesio-distal direction. At the same time, the nodes on the base of the cortical bone were constrained in all directions as shown in (Figure 2 ).
RESULTS
The stress levels were calculated using the von Mises stress value, which is an appropriate criterion for stress evaluation of ductile materials.
Stress Distribution in the Main Model
The Von Mises stresses values obtained in main model in case of immediate loaded implant using various materials for artificial crown are shown in (Figure 3) . In general the highest stresses were found in abutment and the lowest stresses were found in cortical bone. It was noticed that the stress distribution patterns of occlusal surface were similar in all materials. When the main model was investigated, it was found that the model with Porcelain crown received highest von Mises stress value (345.390MPa) while the model with PEEK crown received the lowest maximum von Mises stress (313.094MPa).The difference between the highest value of von Mises stress of PEEK, and the highest value of von Mises stress of PMMA was negligible (about 313 MPa).
Stress Distribution in the Crown
The Von Mises stresses values obtained in crown structures in case of immediate loaded implant using various materials for artificial crown are shown in (Figure 4 , Figure 5 ).The maximum von Mises stresses obtained in the crown structure are shown in Table4. When the crown structures were investigated, the stress distribution pattern showed that the maximum von-Mises stresses were concentrated at the points of load application on the occlusal surfaces especially at the crown cusps. The highest von Mises stress was obtained in the porcelain crown (345.390 MPa) and the lowest Von Mises stress obtained in PMMA crown (208.355 MPa).
Stress Distribution in the Cement layer
The Von Mises stresses values obtained in cement layer in case of immediate loaded implant using various materials for crown are shown in (Figure6).Changing the superstructure materials affect the stresses values in the cement layer in which the maximum Von Mises stress value was observed in the mesio-occlusal region of the cement in all models and the minimum is observed in the disto-cervical part of the cement layer. The highest maximum Von Mises stress value (308.192MPa) was obtained in PMMA crown model and the lowest maximum Von Mises stress value (33.189 MPa) was obtained in zirconium crown model.
Stress Distribution in the Abutment
The Von Mises stresses values obtained in abutment in case of immediate loaded implant using various materials for artificial crown are shown in (Figure 7 ). For all crown materials, the maximum von Mises stress did not reach the yield strength of titanium alloy which equal to 800 MPa. The highest maximum Von Mises stress value (313.453MPa) was obtained at porcelain fused to gold model and the lowest maximum von Mises stress was obtained at PEEK model (313.094 MPa). The difference between the maximum value of von Mises stress of PEEK, and the maximum value of von Mises stress PMMA was negligible. Changing the superstructure materials affects the stress distribution in the abutment in which the maximum Von Mises stress value was observed in the distal surface at occlusal third of the abutment in cases of PMMA and PEEK crown. However it was observed at the cervical region of the abutment at implant-abutment junction in the remaining crown materials. While the minimum Von Mises stress values was observed in the mesial surface of the abutment in all crown materials.
Stress Distribution in the Abutment Screw
The Von Mises stresses values obtained in a screw in case of immediate loaded implant using various materials for artificial crown are shown in (Figure8) .For all crown designs, the maximum von Mises stress did not reach the yield strength of titanium alloy (TI 4V AL) which equal to 800 MPa. The highest maximum Von Mises stress value (31.009MPa) was obtained at PMMA model and the lowest maximum von Mises stress was obtained at zirconium model (30.427 MPa).
The high values of von Mises stresses were observed at the upper one third of the screw and the middle of screw neck.
These regions represent the connection section where the screw inserts deep into the abutment. While the low values of von Mises stresses were located at the lower one-third of the screw.
Stress Distribution in the Implant
The Von Mises stresses values obtained in an implant in case of immediate loaded implant using various materials for artificial crown are shown in (Figure 9 ). Changing the crown material did not affect the stress distribution pattern on implant in which the stress in implants for all crown materials was localized in the distal surface of the implant's cervical third and then distributed toward the remaining of the implant's body. For all models, an inconsiderable difference in the stresses values of implant was observed; in which the maximum Von Mises stress value (98.210MPa) was obtained in PMMA model and the lowest maximum von Mises stress (98. (Figure10.) The maximum von Mises stress of cancellous bone was (4.553MPa) for all crown materials, with no significant difference observed maximum von Mises stress in cortical bone (about 20.9MPa) between all crown design. In all models, von Mises stresses increased in the coronal third of cortical bone in which the maximum Von Mises stresses observed in the implant -cortical interface. In addition; the maximum von Mises stresses in cancellous bone were observed in the implant -cancellous interface and in corticalcancellous interface.
DISCUSSION
One of the basic problems in biomechanical engineering is formulation of implant mechanical characteristics in a way that ensures, both structure durability and an optimal load patterns in surrounding tissues. Since it is postulated that the biomechanics of the implants would be improved if a mobility similar to the one allowed by the periodontal ligament was incorporated. In implant supported fixed partial dentures the stresses occur as a result of occlusal forces transmitted to the supporting bone by restorative material, abutment, and the implant. The stresses must be at physiological levels, and extreme stress concentrations should be eliminated. For this reason the stresses in materials and supporting tissues must be analyzed. Alternatives to reduce the forces transmitted to implants have been studied, including variations in implant positioning, implant design, prosthesis shape, occlusal requirements, prosthetic components and prosthetic materials. In the present study, a 3D finite-element stress analysis method was used to evaluate the stresses generated in the dental implant system components (implant, abutment, screw, cement, crown ), and supporting bone in case of immediate loaded implant with various degrees of stiffness of crown material under functional forces. In FEA, the mechanical performance of the interface between dental implant system components could be evaluated by von Mises stresses. Principal stresses are used to evaluate the stresses induced around the implants in the bone-a typical brittle material. However, in literature the von Mises stress and maximum principle stress [25] [26] [27] [28] [29] are used as a valuable measure of all stresses which are generating in the bone-implant interface. In the present comparative study the von Mises stress was used as an EQV (equivalent value). It has been extensively documented in the literature and well accepted to use von Mises as an EQV. Moreover, von Mises is more conservative and not mainly care about the direction of the equivalent values as in the maximum principle stress. In the comparative studies of dental implants and especially in the elastic response without considering the failure, it is more accurate and suitable for using von Mises stress as an EQV of all normal and shear stresses generated in the bone.
24
The model used in this study implied several assumptions regarding the simulated structures. The structures in the model were all assumed to be homogeneous and isotropic and to possess linear elasticity. The properties of the materials modeled in this study, particularly the living tissues, however, are different. For instance, it is well described that the actual cortical bone of the mandible is transversely isotropic and inhomogeneous.
30 Additionally, perfect bond interface was established between some contact surfaces in the model; which does not necessarily simulate clinical situations. Also, it is important to point out that the stress distribution patterns would have been different, depending on the materials and properties assigned to each layer of the model used in the experiments. Thus, the inherent limitations in this study should be considered. Hojjatie and Anusavice also accepted all materials as linear elastic, homogeneous, and isotropic, and ignored cement thickness in their finite-element stress analysis study. In the current study cement thickness was considered to maintain the reality of the FEA and investigate its effect on the stress distribution.
31
The same occlusal morphology was used to evaluate the effect of various materials on stresses transferred to supporting bone, implant, and abutment for all models. In the current study, the locations for the force applications were specifically described as cusps tips in which distributed vertical loading of 200 N was used. However, the geometric form of the tooth surface can produce a pattern of stress distribution that is specific for the modeled form. The pattern could be different with even moderate changes to the occlusal surface of the crown. The occlusal form chosen for this model does not mean that the same form would represent all premolar teeth. There are several studies that investigated the effects of different occlusal materials on implants. Papavasiliou et al. observed no differences between acrylic-resin-veneered gold and porcelain fused to metal as occlusal materials. 32 Bassit et al demonstrated that using different occlusal surface materials does not produce different stresses in implants.
33 Cibrika et al. did not observe a significant statistical difference when they used resin, gold, and ceramic as occlusal surfaces. 34 However, in the current study different occlusal materials generated approximately similar stresses in implants but differences in stress related to crown material. The reason for these discrepancies may be the result of differences between materials used in the current study and the other studies. Gomes et al. evaluated the effect of different material combinations ((IPS Empress 2, InCeram, PFBM, PFNM) on stress distribution within metal-ceramic and all-ceramic single implant-supported prostheses by threedimensional finite element analysis, they concluded that the use of different materials to fabricate a superstructure for a single implantsupported prosthesis did not affect the stress distribution in the supporting bone.
35 Moreover, Sevimay et al. investigated the effect of different occlusal surface materials on stress generation under functional forces. When using vertical loading at two locations, they concluded that using more rigid or resilient material for the superstructure of an implant-supported prosthesis did not have any effect on stress distribution and stress values at the bone tissue surrounding implant.
36 However, in the abutment and crown structure, stress distributions and localizations were affected by the material's rigidity. These results are in agreement with the findings of the current study in which no differences were found among various materials; when the stress distribution in supporting bone was investigated,. It is important to highlight that highest stress value was obtained in abutment and the lowest was obtained in the cortical bone. Also the buccal curvature of the cortical bone showed a more uniform stress distribution than the lingual one. Papavasiliou et al. investigated the effect of the osseointegration degree to stress distribution and found higher crestal stresses than apical stresses under all conditions.
37
In the current study, the stresses were concentrated in the neck of the implant due to the rigid connection between the implant and the bone. The elastic modulus of cortical bone is higher than spongy bone; for this reason, cortical bone is stronger and more resistant to deformation. When the stress distribution in artificial crown was investigated, porcelain crown showed the highest stress concentration. The high stress values were obtained in ceramic and metal crown materials and the low stress values in polymer crown materials. The reason of these differences may be that the modulus of elasticity of porcelain which made it more resistant to deformation. A consistent observation from all models was concentration of maximum stresses at the porcelain surface at the loading points. For this reason, interceptive occlusal contact in the crown should be eliminated and proper occlusal relationship should be provided. The materials selected for the occlusal surface of the implantsupported prosthesis may affect the transmission of forces and the maintenance of occlusal contacts In the light of the results of the present study, selection should be customized for the individual case for optimum esthetics and performance. Finite element models have limitations because the mechanical properties and the nonlinear behavior of biological tissues cannot precisely be imitated. More clinical trials are necessary to confirm further the findings of the present study.
CONCLUSION
A three-dimensional finite-element analysis model was constructed to investigate the effect of different occlusal surface materials on stress generation under functional forces, within the limits of this study; the following conclusions can be drawn: 1-Porcelain crown induced higher value of Von Mises stress while PMMA crown induced lower value of Von Mises stress 2-Using more rigid material for the superstructure of implant supported prosthesis did not have any effect on the stress values and stress distribution at the bone tissue surrounding implant. However, in the abutment, cement and crown structure, stress distributions and localizations were affected by the material's rigidity.
3-
The stress values recorded in the artificial crown in most of cases decreased with the diminution of the stiffness of its material. 4-Using resilient materials for superstructure increased the stresses within prosthetic screw. 
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